The purpose of this study was to examine the effect of low-frequency neuromuscular electrical stimulation (NMES) on glucose profile in persons with type 2 diabetes mellitus (T2DM). Eight persons with T2DM (41 to 65 years) completed a glucose tolerance test with and without NMES delivered to the knee extensors for a 1-hour period at 8 Hz. Three blood samples were collected: at rest, and then 60 and 120 minutes after consumption of a glucose load on the NMES and control days. In NMES groups glucose concentrations were significantly lower (P<0.01) than in the control conditions. Moreover, a significant positive correlation (r=0.9, P<0.01) was obtained between the intensity of stimulation and changes in blood glucose. Our results suggest that low-frequency stimulation seem suitable to induce enhance glucose uptake in persons with T2DM. Moreover, the intensity of stimulation reflecting the motor contraction should be considered during NMES procedure.
INTRODUCTION
While physical activity improves glucose metabolism of patients with type 2 diabetes mellitus (T2DM) [1] adherence is often transient and/or partial. Indeed, up to 30% to 50% T2DM patients remain sedentary [2] .
Neuromuscular electrical stimulation (NMES) is a physical treatment routinely used in functional rehabilitation it should also be an alternative to conventional activity for improving metabolic control in sedentary T2DM patients [3] .
Although few studies have investigated this potential application, a study of Sharma et al. [4] on sedentary T2DM patients showed that 2 weeks of NMES at 50 Hz, which are the most common protocol for human study [5] , improved insulin sensitivity and glucose regulation. However, many patients complained of pain, discomfort, and/or constraints during NMES sessions. More recently, Jouber et al. [3] demonstrated significantly improved insulin sensitivity with T2DM patients after 1 week of daily NMES training at 35 Hz and a total of 11 patients (of 18) reported moderate pain in the muscles during NMES. While there is any existent standard protocol concerning patient with metabolic diseases, the major interest today is to provide safety and efficacy of NMES therapeutic application, which may serve as a valuable adjunct in the treatment of individuals with glucose intolerance that are limited in their ability to perform physical activities.
The purpose of this study was to determine the acute influence of low-frequency NMES (8 Hz) on glucose metabolism in middle-aged mobile patients with T2DM. Low-frequency NMES elicits significant muscle contractions that are well tolerated in asymptomatic populations for extended periods of time [6] .
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METHODS
Eight participants with T2DM volunteered for this study. Five men and three women were included, and the average age was 52±13 years. These participants were identified by a physician as having met the current diagnosis of T2DM [7] with mean diabetes duration of 6.25±8.75 years. Participants continued their hypoglycemic medications as prescribed for all testing and exercise days. Except for one subject treated with diet alone, all other participants (n=7) were treated with diet plus oral hypoglycemic agents (Glyburide [Actavis Pharma Manufacturing, Parsippany, NJ, USA], and/or Metformin [Actavis Pharma Manufacturing], and/or Actos [Takeda Pharmaceuticals Inc., Deerfield, IL, USA]). This study was approved by the Ethical Committee of Lakehead University.
Participants completed three sessions over a 2-week period. The first session was a screening session that gave participants the opportunity to familiarize themselves with the low-frequency NMES protocol used. During the second and third sessions, a standardised glucose tolerance test (GTT) assessed glucose metabolism [8] . After an overnight fast (12 hours), the GTTs were performed at 7:30 AM for both conditions. A fasting blood sample was collected upon arrival (time 0). This fasting blood glucose value provided a baseline for comparing other glucose values. The participants were then asked to drink a solution containing a known amount of glucose (75 g) within 5 minutes. Two further blood samples were collected 60 and 120 minutes after consumption of the glucose load. Blood was drawn from a vein (venipuncture), usually from the inside of the elbow or the back of the hand. In addition, in either the second or the third session, participants completed the 1-hour NMES protocol via randomized assignment during the first hour of the session.
The electrical stimulation was delivered to the knee extensor muscles of the right and left legs to induce a rhythmic contraction using a portable battery-powered stimulator (Respond Select; Empi Inc., Henderson, NV, USA) and two round 7.5-cm in diameter reusable adhesive electrodes (Pals Plus; Empi Inc.). On each thigh, one electrode was placed over the proximal part of the knee extensor muscles (3 cm under the ilioinguinal region) while the other was applied over the motor point of the vastus lateralis (5 cm above and lateral to the patella). The current used was a balanced rectangular symmetrical biphasic pulse, with a frequency of 8 Hz and pulse duration of 200 µs. Within the first 2 minutes, the participants increased the intensity of the contraction to the maximum tolerable level. The portable stimulator ranged from 0 to 120 mA, with the tolerable level of these eight participants ranging between 30 to 60 mA. In the present study, none of our experimental subject reported pain, discomfort or fatigue in the muscles during NMES.
After testing for normality (Kolmogorov-Smirnov test), statistical comparisons were made using a 2 (condition: NMES or control) by 3 (time: 0, 60, 120 minutes) repeated measures analysis of variance to determine whether significant changes in absolute glucose levels occur with time or groups. The StudentNewman-Keuls Method test was used to make multiple comparisons when appropriate. Values are presented as mean± standard deviation. The strength of the association between NMES intensity (mA) and the change in blood glucose during stimulation (0 to 60 minutes) was investigated using a Pearson correlation. Alpha probability was set at 0.05.
RESULTS
A significant increase (P<0.01) in blood glucose was observed after 60 minutes of the control and the NMES sessions, respectively. This was followed by a significant (P<0.01) decrease from 60 to 120 minutes of the control and the NMES sessions, respectively. Our results showed significant lower blood glu- cose in the NMES than in the control sessions at times 60 (P< 0.01). Moreover, glucose decreases at the 120 minutes following NMES was significantly higher in the NMES compared to control session (P<0.01) (Fig. 1) . A significant (P<0.01) positive correlation (r=0.9) was found between NMES intensity and the change in blood glucose between 0 and 60 minutes.
DISCUSSION
To our knowledge, the present study is the first to examine the effect low-frequency NMES (8 Hz) on glucose metabolism in middle-aged mobile patients with T2DM. Despite lower NMES frequency, the plasma glucose concentrations determined after 60 minutes of NMES and at 120 minutes following NMES were significantly lower to those observed in control condition. These results seem to suggest that there occurs a large activation of glycolytic type II fiber by low frequency NMES resulting in a significant decrease in blood glucose level and thereby possibly improving insulin sensitivity as previously suggested by Sinacore et al. [9] .
Poole et al. [10] evaluated acute glucose uptake during highfrequency (50 Hz) stimulation NMES in neurologically intact individuals with T2DM and observed no overall differences between control and NMES conditions. Since high-frequency NMES can be particularly fatiguing [11] , we reasoned that a well-tolerated low-frequency stimulation paradigm [6] might be necessary to induce significant glucose uptake.
In the present study a significant correlation between stimulation intensity and blood glucose levels suggests that factors related to the intensity of skeletal muscle contraction greatly contribute to glucose metabolism during electrical stimulation. Indeed, the intensity of contraction might in fact be so high as to bring about an increase in blood glucose, similar to the response observed during intense bouts of exercise [12] . This result may add novel knowledge in term of NMES procedure such as, ensuring an optimal combination between lower frequency and stimulation intensity.
While stimulation parameters used in previous studies were quite diverse and physiological responses were difficult to compare, low-frequency NMES (8 Hz), which are tolerated by all experimental individual, may be an appropriate strategy in T2DM rehabilitating process. However, evaluation of the chronic effect of low-frequency NMES with particular attention on the interaction between stimulation intensity and muscle fatigue parameters, on glucose regulation and on other metabolic, hormonal and muscle parameters in T2DM patients remains an interesting future study.
